C/SIC LIFE PREDICTION FOR PROPULSION APPLICATIONS 
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ABSTRACT 

Accurate life prediction is critical to successful use of ceramic matrix composites (CMC). 
The tools to accomplish this are immature and not oriented toward the behavior of carbon fiber 
reinforced silicon carbide (C/SiC), the primary system of interest for many reusable and single 
mission launch vehicle propulsion and airframe applications. This paper describes an approach 
and progress made to satisfy the need to develop an integrated life prediction system that 
addresses mechanical durability and environmental degradation of C/SiC. Issues such as 
oxidation, steam and hydrogen effects on material behavior are discussed. Preliminary tests 
indicate that steam will aggressively remove SiC seal coat and matrix in line with past 
experience. The kinetics of water vapor reaction with carbon fibers is slow at 600°C, but 
comparable to air attack at 1200°C. The mitigating effect of steam observed in fiber oxidation 
studies has also been observed in stress rupture tests. The effects of oxidation on tensile 
strength after low levels of oxidation in air at intermediate temperatures have been determined. 
Detailed microscopy of oxidized specimens has been carried out to develop a diffusion and 
reaction kinetics based oxidation model. Mechanical property tests to develop and verify the 
probabilistic residual strength have been completed at 1200 and 8 OO 0 C. Gage width is a key 
variable governing edge oxidation of seal coated specimens. Future efforts will include 
architectural effects, enhanced coatings, biaxial tests, and LCF. 

Keywords: ceramics, composites, life prediction, carbon fibers, oxidation, stress rupture 
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♦ Severe thermal transients and 
gradients 

♦ 100 flight reusability 
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To expand the database for C/SiC. 

To directly support flight experiments which use CMC 
propulsion components. 
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w/wo CBS coating 


C/SiC Life Controlled by Complex, 

Interactive Mechanisms 
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• cycling of loads (LCF, HCF) 

• creep 
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- Moving reaction front, shrinking 
core 
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Substituting for cr t and k h combining constants and solving for 
t gives 

t = £ T exp(Q/RT) {aja app } 2 
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♦ Material volume effects need to be incorporated in life prediction models. 

♦ Average life at 800°C is about 1.5 times longer than at 1200°C. 

♦ 17.8 mm wide specimens resulted in about a 2.5 increase in life compared 

to 10.1 mm wide specimens. 
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Specimen Gage Width, mm 


C/SiC Oxidation Damage Rates 
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♦ Surface damage penetration rate is 1/3 edge penetration rate 

♦ Highest volume of carbon fiber is consumed by surface penetration 
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♦ Normalization = dimension parameter * (1/T 1/4 ) * (1-^ ap p|/^ U | t )- 

♦ Agreement with parabolic oxidation model if all data points fall on the 
same line with y intercept = 0. 

♦ Data can also be fit to t 1/4 time dependence (a better fit). 
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Exponent of 0.25 fits stress rupture and residual strength loss data 
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